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A 36 year old Romanian presented to the NATO Role 3
multinational medical unit in Kandahar Afghanistan with 6
weeks of progressive epigastric pain, anorexia, and a 25 pound
weight loss. He reported to the Kandahar Air Field 4 weeks
prior to presentation, had no other recent travel, had remained
within the confines of the facility, and had only eaten at the
dining facilities on base. Due to operational security con-
straints, the patient was only able to disclose that he was raised
and currently lived on a farm with many dogs, sheep, and other
livestock in his home country. Further details regarding the
location of his home could not be obtained.
The patient's presenting vital signs were notable for a
temperature of 38.4 C, pulse of 105, and RR 20. Physical
examination findings were notable for a firm, tender right
upper quadrant and an epigastric mass. Labs were remarkable
for leukocytosis with a left shift (14.2, 11% bands), a total
bilirubin of 6.4, direct bilirubin of 4, ALT 173, AST 84, and
alkaline phosphatase of 153. Computed Tomography (CT)
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consistent with WHO-IWGE (WHO Informal Working Group
on Echinococcosis) class CE2 hepatic cystic echinococcosis
(CE). In addition to hepatic CE, CT also demonstrated intra-
hepatic duct dilation (Fig. 1, arrowhead), daughter cysts
within the right and left hepatic ducts (Fig. 2, arrows), com-
mon hepatic duct (Fig. 1, short arrow), and cystic duct (Fig. 3,
short arrow). Best demonstrated in the common hepatic duct is
what we have termed the “string of pearls” sign (see Fig. 1
short arrow), due to the series of daughter cysts within the
biliary tree taking on the resemblance of a short string of
pearls. The string of pearls sign can also be observed (though
is less conspicuous) in the right and left hepatic ducts (see
Fig. 2 inset). The point of cyst wall rupture and fistulization is
additionally observed (Fig. 2, long arrow). Finally, duodenal
wall thickening and adjacent fat-stranding (Fig. 3, long arrow)
were observed, consistent with duodenitis.
The clinical and radiographic findings were highly sugges-
tive of hepatic CE infection caused by Echinococcus gran-
ulosus, spontaneous rupture into the biliary tree resulting in E.
granulosus, and possibly secondary bacterial, cholangitis, and
parasitic infection of the duodenum resulting in E. granulosus
duodenitis. IV fluids and piperacillin-tazobactam were admin-
istered, and E. granulosus serologic studies would later confirm
the presence of the infection. Additionally, albendazole was
initiatedwith the planned duration of therapy to extend 3months
following definitive intervention. The patient would subse-
quently undergo medical evacuation back to Romania for
evaluation of surgical management options for complicated. Production and hosting by Elsevier B.V. This is an open access article under
Fig. 1. Cystic echinococcosis and the WHO-IWGE stage 2 CE indicated by the
long arrow. Additionally, biliary CE resulting in intra-hepatic duct dilation
(arrowhead), and the “string of pearls” sign (short arrow) is shown.
Fig. 2. Biliary CE resulting in the“string of pearls” sign (short arrows) within
the right and left hepatic ducts, and the point of cyst wall rupture and fistu-
lization (long arrow) additionally shown.
Fig. 3. CE demonstrated within the cystic duct (short arrow), and duodenal
edema with adjacent fat stranding (long arrow) consistent with duodenitis.
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up could not be obtained due to operational security constraints.
2. Discussion
E. granulosus is endemic to many developing countries,
including the middle-east, China, Russia, and Eastern European
countries including Romania. In countries such as Romania
where E. granulosus is endemic, incidence of human infections
can exceed 50 per 100,000 person-years, and prevalence rates
may reach 5e10% [1]. Additionally, due to current migration
(including refugee) patterns in the Eastern European and
Middle-Eastern countries, E. granulosus infection rates are
likely to increase. Hepatic CE is therefore still a significant
public health issue in endemic countries such as Romania, andthe incidence will likely increase in the developed countries of
Europe and North America due to migration.
Hepatic disease is the most common clinical sequela of E.
granulosus infection, and approximately two-thirds of infected
patients develop disease isolated to the liver [2]. Hepatic
involvement with E. granulosus is often asymptomatic until
cysts enlarge to over 10 cm. Complications of hepatic CE can
result from rupture and fistulization into the biliary tree causing
obstructive jaundice, cholangitis, and pancreatitis. Active
infection within the biliary tree is less common than hepatic
involvement and appears to occur in about 12% of hepatic CE
[3]. Biliary disease appears to be more common in CE with
larger cysts however, as a hepatic cyst diameter >7.5 cm is 79%
predictive of cyst fistulization into the biliary tree [4]. A more
uncommon complication of active biliary infection is extension
through the biliary tract to the duodenum resulting in E. gran-
ulosus duodenitis. E. granulosus duodenitis is rare and inci-
dence in cases of hepatic disease is not known. In addition to
being the source of fistula formation and the spread of E.
granulosus infection to other organs, enlarging cystic lesions
may cause extrinsic compression of bile ducts, portal and he-
patic veins, and the inferior vena cava resulting in cholestasis,
portal hypertension, BuddeChiari syndrome, and IVC
obstruction respectively. Cysts may also rupture into the peri-
toneum with resultant peritonitis and/or anaphylaxis. Other
more uncommon complications of CE include trans-
diaphragmatic rupture and secondary bacterial infection of he-
patic CE resulting in pyogenic abscess formation. Our patient
demonstrated evidence of classic hepatic cystic disease, and
multiple less common complications including fistulization into
the biliary tree resulting in cystic and hepatic duct involvement,
and E. granulosus duodenitis, likely secondary passive migra-
tion of E. granulosus infection through the biliary tree.
Imaging is central in the diagnostic evaluation of CE, and in
distinguishing the potential complications of hepatic CE
described above. Many of the findings reflect the fact that the
Fig. 4. Ultrasonographic classification schema of hepatic CE (adopted from Ref. [2]).
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secondary cysts, the budding and fragmentation of which give
rise to daughter cysts [5]. Such findings include the “wheel-like”
structures reflective of the formation of multiple daughter cysts
within a main cyst. Later in the disease course, the cysts may
rupture or degenerate leading to other characteristic findings
such as floating intra-cystic membranes, reflective of reduced
intra-cystic pressure resulting in a delaminated germinal layer,
and cyst calcification, both reflective of transitional and inactive
disease as classified by the WHO (see next).
The WHO has classified hepatic CE based on the various
ultrasonographic findings (Fig. 4, Ref. [2]). However, while
availability of CT and MRI in under-developed regions of the
world is often limited, the CTand MRI findings in fact mirror the
ultrasonographic findings. CT in particular enables the detection
of many of the extrahepatic complications noted above [6,7].
Notably, the imaging-based stage of CE classifies the disease as
active, transitional, and inactive, which additionally provides the
basis for guiding therapeutic decision-making (Fig. 4). As noted
above, the imaging findings in the case presented were consistent
with active, WHO-IWGE class CE2 disease.
While the imaging findings of hepatic CE have been well-
described, published descriptions of the imaging findings in
complicated disease, particularly biliary tract and duodenal
disease, are uncommon. Detection of biliary disease in partic-
ular is however an important distinction with regards to man-
agement decisions, as the presence of a cyst-biliary fistula is a
contraindication to PAIR [6,8]. With respect to the imaging
findings of biliary CE, the literature is limited to isolated case
reports or small case series [9e11]. In one published case series
of biliary E. granulosus (3 patients), the CT findings discussed
were only those of the hepatic cystic disease; CT evidence of
biliary disease was not described [9]. Given this report was
published nearly 30 years ago, CT resolution may not have been
adequate to demonstrate biliary involvement. The biliary find-
ings described were only those observed with ultrasonography,
and described as duct dilation and intraluminal material. In the
largest published case series describing 8 cases of obstructive
jaundice in patients with hepatic E. granulosus, 5 were found to
have either daughter cysts, fragmented membranes, or hyatid
sand within the biliary tree [10]. Our patient was found to havea series of daughter cysts within the biliary tree, resulting in the
string of pearls sign. The most recent case series published in
2011 described the multidetector-row CT findings in 6 patients
with intrabiliary rupture of hepatic CE [11]. Findings included
interruption of the cyst wall in 5 of the 6 patients, intra-hepatic
duct dilation in all patients, and direct evidence of cystic disease
within the biliary tree (linear membranes and irregularly, high-
density material) in all patients described. All of these findings
were likewise described in the case presented here.
Treatment modalities for CE include various combinations
of medical therapy, percutaneous aspiration, injection, and
reaspiration (PAIR), and surgery [2,4,6,8]. As discussed above,
radiographic classification and the presence of various com-
plications dictates therapy. The presence multi-compartmental
cysts and the cysto-biliary fistula observed in the case pre-
sented represent contraindications to PAIR, and make surgical
management the definitive therapy of choice in this case.
Medical therapy with albendazole was indicated for both the
multiple hepatic cysts, and as adjuvant therapy to surgical
cystectomy in order to reduce disease recurrence and prevent
peritoneal seeding of infection.
3. Conclusions
The case presented demonstrates the well described find-
ings of active hepatic CE and adds to the few case reports and
series describing the CT findings of biliary CE. Additionally,
to our knowledge this case represents the first published
description of the imaging findings of combined biliary CE
and duodenitis, and demonstrates the “string of pearls” sign.
Multiple contributing factors likely account for the scant de-
scriptions published to date, and include the lower incidence
of biliary tract and duodenal disease compared to hepatic
disease, the limited availability of ultrasound to detect such
sites of involvement, and the limited availability of CT and
MRI imaging in the regions of the world with the highest
prevalence of CE. As CT imaging will likely become more
available in the developing world, and as migration patterns
will likely increase the incidence of disease in the developed
world, this case serves as a reminder to clinicians and radi-
ologists regarding the CT signs of E. granulosus biliary
139G.S. Fuhrer, M.E. Grohowski / Radiology of Infectious Diseases 3 (2016) 136e139disease (particularly the “string of pearls” sign) and duodenitis
in patients who may be at risk for E. granulosus infection.
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